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Editorial

HMGB1: A Dangerous Player in Lupus
Pathogenesis

In an article in this issue of The Journal, Li, et al1 provide
compelling evidence for a role of HMGB1 (high mobility
group B1) in the pathogenesis of systemic lupus erythe-
matosus (SLE) and highlight the potential of this molecule
as both a biomarker and a target of new therapy. HMGB1 is
a non-histone nuclear protein that has emerged as the proto-
typic alarmin2. While the terminology and classification of
alarmins are in flux, alarmins can be considered as cellular
components that stimulate the immune system when they
leave their usual intracellular location during either cell acti-
vation or cell death. In other terminology, alarmins are dan-
ger signals, or DAMP (damage/death associated molecular
patterns). Like PAMP (pathogen associated molecular pat-
terns), DAMP can stimulate Toll-like receptors (TLR) to
activate innate immunity3.
The importance of HMGB1 in lupus is not unexpected in

view of the mechanisms of its release from activated or
dying cells and its surprisingly powerful immunological
activity. These activities were initially discovered in seminal
studies to identify immune mediators that could be targeted
in sepsis more effectively than cytokines such as tumor
necrosis factor-α (TNF-α)4. While TNF blockade is suc-
cessful in animal models, it did not work in human trials of
this often fatal condition. The failure could reflect species
differences or the transient production of TNF-α after
PAMP stimulation. When infection became clinically obvi-
ous, TNF-α may have already left the scene, nullifying the
action of a TNF blocker. Thus, the therapy of sepsis may
require a target whose action still persists when the patient
comes to medical attention5.
As shown in studies by Wang, et al, stimulation of

macrophages by lipopolysaccharide (LPS) leads to the pro-
duction of an immunologically active protein that impor-
tantly shows delayed production in in vitro and in vivo
models4,6. The identity of this protein was a revelation, and
revolutionized thinking on potential targets for new
immunosuppressive agents. Thus, the active protein was

found to be HMGB1, an abundant nuclear molecule that
binds DNA and mediates chromosomal architecture and
transcriptional regulation2. Subsequent studies showed that,
to reach the extracellular space during activation, HMGB1
undergoes post-translational modification and then translo-
cates from the nucleus to the cytoplasm to enter lysosomes
for secretion by a nonconventional pathway7. This long
journey may account for the time delay in its extracellular
appearance.
In addition to its release during macrophage activation,

HMGB1 can exit cells during death8. As an architectural
element for chromosomes, HMGB1 binds selectively to
DNA and is only weakly adherent to chromatin9. Thus,
when permeability barriers break down during cell death,
HMGB1 easily traffics away from cells to become an
alarmin, somewhat the way Clark Kent becomes Superman.
Since HMGB1 is ubiquitous, it represents a potential dan-
ger signal for literally every cell type in the body, serving
the same role in stimulating innate immunity as do
cytokines. While initial studies suggested that HMGB1
release occurs with necrosis and not apoptosis, at least some
cell types can release HMGB1 late in the apoptotic death
process, a stage that can be called secondary necrosis. The
HMGB1 released during apoptosis, however, may differ
from that during necrosis because of its oxidative state10,11.
As these considerations indicate, lupus should provide

the “perfect storm” for HMGB1 release. Thus, lupus is
marked by intense immune activation as well as either
increased apoptosis or a failure to clear away cells that have
died. Further, given the conditions for the generation of
extracellular HMGB1, these processes could work in a
vicious cycle as products of dead cells drive immune acti-
vation and, in turn, cytokines and other mediators drive
HMGB1 release. In this regard, while stimulation of
macrophages with TLR ligands such as LPS (TLR4) and
poly (I:C) (TLR3) leads to HMGB1 translocation, these
molecules also induce macrophage apoptosis. It is thus pos-
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sible that at least some of the HMGB1 released during
macrophage activation results from apoptosis12.
Li, et al demonstrate a dramatic increase in blood

HMGB1 in SLE1. These findings are consistent with previ-
ous studies on the blood of patients as well as evidence of
increased extracellular HMGB1 in patient skin13-16. These
studies, however, do not specify the origin of HMGB1 with
respect to release from activated, apoptotic, or necrotic cells,
an issue that may be important in terms of the immune activ-
ity of HMGB1 (a consequence of post-translational modifi-
cation and oxidation) as well as its association with other
nuclear molecules. As shown in recent studies, HMGB1
may exist in the blood in SLE in the form of immune com-
plexes with DNA and anti-DNA antibodies16. These com-
plexes can stimulate plasmacytoid dendritic cells to produce
type 1 interferon. Since HMGB1 can stimulate RAGE
(receptor for advanced glycation endproducts) as well as
TLR2, and TLR4 and DNA can stimulate TLR9, the signal
delivered by these complexes is powerful because of simul-
taneous triggering of different pathways17.
The importance of HMGB1 in lupus may extend to

autoantibody induction. Thus, in animal models, HMGB1,
when bound to nucleosomes, can drive cytokine production
and, in an immunization model with nucleosomes, stimulate
induction of antibodies to histones and DNA in a
TLR2-dependent manner18. Since free nucleosomes do not
induce these autoantibody responses, these findings point to
HMGB1 as an autoadjuvant and emphasize the importance
of the assembly of HMGB1 complexes with nucleosomes.
Whether these complexes form intracellularly or extracellu-
larly is not known, although this issue is relevant in devel-
oping strategies to separate these molecules and deprive
nucleosomes of their dangerous partner.
While the physical-chemical form of HMGB1 in patient

blood requires further investigation, nevertheless, in this
study, the levels of HMGB1 showed impressive correlations
with the SLE Disease Activity Index as well as inverse corre-
lations with C4 and C3 levels. Further, levels of HMGB1
were notably higher in patients with vasculitis and myositis
compared to patients without these manifestations. Since the
patients with myositis had increased CPK levels, these find-
ings could suggest that the HMGB1 in the blood originated
from inflamed or damaged muscle cells. Indeed, other studies
have demonstrated the extracellular expression of HMGB1 in
patients with polymyositis and dermatomyositis19.
Li, et al also showed that recombinant HMGB1

(rHMGB1) can stimulate in vitro cytokine production by
peripheral blood cells from patients with lupus and normal
controls. Differences, however, were observed in the magni-
tude and kinetics of the production of TNF-α, and inter-
leukin 6 (IL-6). Most notably, rHMGB1 did not induce
TNF-α production by peripheral blood cells of patients with
active lupus. This result is surprising in view of the eleva-
tion of TNF-α in some patients with lupus as well as the

activity of HMGB1 in stimulating the production of
cytokines and chemokines, including, as shown in this
study, IL-6.
The basis of the impaired production of TNF-α by blood

cells from patients with active lupus is not known, although
these findings raise important questions about interpreting
the immune activity of HMGB1. Thus, as shown in several
studies, HMGB1 does not seem to act alone and, indeed, in
the words of one author, “HMGB1 loves company”20-22.
The recognition of this facet of HMGB1 activity came grad-
ually and reflected findings that the in vitro activity of
HMGB1 preparations varied depending on origin and purifi-
cation and that very “clean” HMGB1 is actually devoid of
activity. Addition of cytokines such as IL-1 or TNF-α, or
other molecules such as LPS or DNA, however, can restore
HMGB1’s immune properties, with HMGB1 acting syner-
gistically with other mediators20-22.
The ability of HMGB1 to bind disparate partners may

reflect its protein structure and the presence of amino acid
sequences that can interact with biochemically disparate
moieties. In the context of inflammation, this pattern of
interaction may promote (or even underlie) the alarmin
activity of HMGB1 by amplifying other danger signals. On
the other hand, when these endogenous or exogenous sig-
nals diminish, HMGB1 may act alone, leading to either
immunosuppression or angiogenesis to promote tissue
reconstitution20. Thus, HMGB1 may have a double dose of
dual functionality. Inside the cell, HMGB1 may bind DNA
and determine chromosomal structure. Outside the cell,
HMGB1 may either be proinflammatory or antiinflammato-
ry, depending on who else is in the neighborhood.
In the context of the current report, these findings suggest

that the action of HMGB1 may reflect not only on the
responsiveness of cells and their origin from patients with
SLE with either or inactive disease; rather, this spectrum of
cytokine production may reflect the content of other mole-
cules in the culture. These molecules could include
cytokines as well as DNA, which could be released from
cells undergoing apoptosis; this apoptosis could result from
prior immune cell activation in vivo or signaling abnormali-
ties that make them prone to die in vitro. Elucidating this
issue will likely require the use of other HMGB1 prepara-
tions and more defined purified cell populations. While
there is now strong evidence that HMGB1 is an important
agent in SLE, future studies will determine its interaction
with other players in what is an increasingly large and
diverse cast.
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